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Abstract
Sustainable production refers to the production that meets the needs of the 
present, without compromising the ability of future generations to meet their own 
needs. At global level and mainly across Nigeria, rice fields are considered as one of 
the most important sources of atmospheric concentration of two greenhouse gases, 
mainly anthropogenic methane (CH4) and nitrous oxide (N2O) emissions. These 
greenhouse gases (GHGs) are produced under anaerobic conditions, and their 
production has negative environmental and health implications. Additionally, the 
growing demand for rice across Nigeria exceeds supply, resulting in a rice deficit. To 
overcome this challenge, rice production should be increased, with so much regard 
to less GHG emission. Moving forward, understanding the determinate of farmers’ 
mitigation strategies to GHGs will definitely enhance effort made for farmers to 
continue to mitigate easily over-time. Incidentally, empirical study on the present 
discourse is relatively scanty, isolated, and devoid of in-depth and quantitative 
analyses. Most empirical studies did not pay close attention to the determinants 
of rice farmers’ decisions to mitigation options to GHGs. Studies on mitigation of 
GHGs at a farm or household level should rigorously examine the socioeconomic 
characteristics that influence farmers’ decisions to practice GHG mitigation or not. 
These create a gap in research and make it extremely difficult if not impossible for 
the governments/interest groups to know the method they can adopt in helping 
farmers mitigate the negative impact of GHG emission in rice production. It was 
against this backdrop that this study was systematically undertaken.
Keywords: rice, greenhouse gases (GHGs), mitigation strategies, sustainability and 
multinomial model, Nigeria
1. Introduction
Sustainable production refers to the production that meets the needs of the 
present, without compromising the ability of future generations to meet their own 
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needs [1]. For an agricultural production to be sustainable, it must produce food 
with regard not only to the environment (to ensure production can continue on an 
indefinite basis) but also to generating sufficient production to meet the demand 
and producing an adequate return for farmers to support their standard of living 
of those yet unborn. Therefore, rice (Oryza spp.), which is the second-largest most 
consumed cereal (after wheat), shapes the lives of millions of households globally 
[2]. More than half of the worlds’ population depends on rice for about 80% of its 
food calorie requirements [3, 4]. It has become a staple food in Nigeria such that 
every household, both the rich and the poor, consumes a great quantity. A com-
bination of various factors seems to have triggered the structural increase in rice 
consumption over the years with consumption broadening across all socioeconomic 
classes, including the poor [5]. The rising demand could be as a result of increasing 
population growth and income level coupled with the ease of its preparation and 
storage. Currently, due to the present government objective on diversification of 
the economy, rice is grown in almost 36 states in Nigeria including Federal Capital 
Territory (FCT) under diverse production systems and agroclimatic conditions. 
Additionally, the growing demand for rice across sub-Saharan Africa and par-
ticularly in Nigeria exceeds supply, resulting in a rice deficit. In the same way, 
Nigeria is the continent’s leading consumer of rice, one of the largest producers of 
rice in Africa, and simultaneously one of the largest rice importers in the world. 
Incidentally, rice field is a significant anthropogenic source of methane (CH4) and 
nitrous oxide (N2O), two important greenhouse gases (GHGs). Methane, which 
accounts for 20–30% of the global warming effect, is second only to carbon dioxide 
(CO2) as the most significant GHG [6]. Methane from rice fields represents about 
10% of non-CO2 emissions from agriculture [7] and about 89% of the global warm-
ing potential (GWP) from rice [8]. The current understanding of the determinate 
of farmers’ mitigation strategies to GHG emission in rice agric-food system in 
Nigeria has not much been empirically documented. Additionally, to the best of our 
knowledge, no study has systematically modeled farmers’ mitigation strategies for 
GHG emission using multinomial logit regression. The multinomial logit model is 
an extension of the binary logit model for modeling categorical dependent variables 
with more than two categories. The dependent variable is assumed to follow a 
multinomial distribution, a generalization of the binomial distribution. This creates 
a gap in knowledge and makes it absolutely difficult if not impossible for research-
ers, the government, and policy-makers to know the method they can adopt in 
assisting the farmers increase their production, their standard of living and liveli-
hood in a cleaner environment. Despite the importance attached to understanding 
rice production under a cleaner environment, it is somewhat surprising that little 
or nothing is known about farmers’ socioeconomic characteristic; farmers’ mitiga-
tion strategies for GHG emissions; how farmers’ socioeconomic characteristic 
influences their mitigation strategies; and the barrier they encounter in mitigating 
GHGs in the area. Empirical evidence remains largely scanty, isolated, and devoid 
of in-depth and quantitative analysis. It was against these backdrops that it became 
increasingly pertinent that the study was systematically and logically undertaken.
2. Methodology
The study was carried out in Imo State, Nigeria. Imo State is located in the eastern 
zone of Nigeria. The state lies between latitude 4°45′N and 7°15′N and longitude 
6°50′E and 7°25′E [9]. It is bounded on the east by Abia State, on the west by the 
river Niger and Delta State, and on the north by Anambra State, while Rivers State 
lies to the south. Imo State covers an area of about 5067.20 km2, with a population of 
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3,934,899 [10, 11] and population density of about 725 km2 [12]. The state has three 
agricultural zones namely Orlu, Owerri, and Okigwe (Figure 1). The state has an 
average annual temperature of 28°C, an average annual relative humidity of 80%, 
average annual rainfall of 1800–2500 mm, and an altitude of about 100 m above 
sea level [12]. It experiences two major seasons: dry and rainy seasons. The state has 
fertile and well-drained soil suitable for rice farming and a good proportion of the 
population are essentially farmers. A multistage and purposive random method was 
used in the selection of respondents. Purposive sampling method was used to select 
respondents who are predominantly rice farmers. The sample size comprised 120 
rice farms. A well-structured questionnaire was the main tool for data collection. 
Data collected were analyzed using descriptive statistical tools and a multinomial 
logit model. The model is given below:
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Figure 1. 
Map of Nigeria showing the study area.
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where P = response probability (J = 0, 1, 2, 3,…7); Y = mitigation category, 
J = 1, 2,…,8; 1 = alternate wetting and drying of rice (AWD); 2 = system of rice 
intensification (SRI); 3 = changing tillage operations (CTO); 4 = Nitrogen Fertilizer 
Management (NFM); 5 = residue management (RM); 6 = aerobic rice varieties 
(ARC); 7 = no mitigation strategies.
The explanatory variables are as follows:
 ( )= +1 2 3 4 5 6 7 8 9 10 11Y f X ,X ,X X ,X ,X ,X ,X ,X ,X ,X, ei  (4)
where X1 = age (years); X2 = sex (male = 1, female = 0); X3 = educational level 
(years); X4 = farming experience (years); X5 = household size (number of persons); 
X6 = farm income (N); X7 = farm size (ha); X8 = extension contact (contact = 1, 
no-contact = 0); X9 = access to farm credit (access = 1, no-access = 0); X10 = access 
to GHG emission information (access = 1, no-access = 0); ei = error term.
3. Results and discussion
3.1 Socioeconomic characteristics of rice farmers
Table 1 reveals that majority (59.17%) fell within the age range of 41–50 years. The 
mean age was 45.00 years. This shows that farmers in the area are vibrant, young, and 
still within the active age. Rice farming is so strenuous. The implication is that younger 
farmers are more likely to practice more and modern mitigation strategies in GHG 
emission faster than the older ones. Young farmers are more likely to know about new 
mitigation strategies to avert GHG emission with the willingness to bear risk. Table 1 
also reveals that majority (75.85%) of the farmers were males. The finding implies that 
both sexes are involved in rice farming but males are more in number in the area. This is 
true as male farmers have been found to be relatively more efficient than women [13].
Entries in Table 1 also show that greater proportion (53.33%) had second-
ary school education. The main education level is 12 years, which is equivalent 
to secondary school education. The finding implies that approximately 95.00% 
of the farmers had formal education, which is expected to increase their level of 
understanding on the effect of GHG emissions in rice farms and various mitigation 
strategies to practice in thwarting the negative effect. Result in Table 1 shows that 
majority (84.17%) were married. The finding implies that rice farming is an enter-
prise of married individuals who are expected to be responsible according to societal 
standard. Married farmers have more likelihood of adapting to climate change easily 
than their unmarried counterparts since they have access to labor. Result of farming 
experience is shown in Table 1 and it shows that about 27.50% of the farmers had 
a farming experience ranging from 11 to 15 years. The mean year of experience in 
farming was 15.00 years. This shows that the farmers were quite experienced in 
rice farming and may have been adapting to several mitigation strategies for GHG 
emissions in the area. It is expected that farmers with more experience are more 
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Frequency Percentage Mean (X)
Age (years)
21–30 5 4.17
31–40 11 9.16
41–50 71 59.17
51–60 30 25.00
61–70 3 2.50
Total 120 100.0 45.00
Sex
Male 91 75.83
Female 29 24.16
Total 120 100.0
Educational level (years)
No formal education 6 5.00
Primary 41 34.17
Secondary 64 53.33
Tertiary 9 7.50
Total 120 100.0 12 years equivalent to secondary 
education
Marital status
Single 8 6.67
Married 101 84.17
Divorced 4 3.33
Widowed 7 5.83
Total 120 100.0
Farming experience (years)
1–5 38 63.33
6–10 9 15.00
11–15 5 8.33
16–20 8 13.33
21–25 9 7.50
Total 120 100.0 23
Household size (number of 
persons)
1–2 2 1.67
3–4 5 4.17
5–6 11 9.17
7–8 29 24.17
9–10 51 42.50
11–12 13 10.83
13–14 9 6.67
Total 120 100.0 9.00
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likely to accept innovations and new mitigation strategies for GHG emissions than 
inexperienced farmers. The number of years of farming helps to cushion the effects 
of GHG emissions, since GHG emissions is yearly recurring decimal during rice 
farming. Results in Table 1 also show that majority (74.17%) of the farmers had no 
contact with extension agents. The implication is that majority of the farmers may 
not have the opportunity of learning new mitigation options in GHG emissions and 
consequently exposing their rice farming to incidence of CH4 and N2O impact in 
the area. It becomes clear that there is a need for the government to strengthen the 
Agricultural Development Programme (ADP) to facilitate timely extension contacts 
with farmers in the area. The provision of information and guidance to farmers in 
any farming season would increase mitigation of GHG emissions and improvement 
in their faming enterprise in a cleaner environment. Entries in Table 1 reveal that 
about 42.50% had a household size ranging from 9 to 10. The mean household size 
was found to be 9.00 persons. The result shows that farmers had large households. 
The implication is that they could draw farm labor from their households for the 
practice of various mitigation strategies for GHG emissions in rice farming. Table 
1 shows that majority (89.17%) of the farmers have access to GHG emission infor-
mation. This implies that farmers in the study area have access to GHG emissions 
Frequency Percentage Mean (X)
Extension contact
Contact (yes) 31 25.83
No contact (no) 89 74.17
Total 120 100.0
Access to credit
Access 46 76.67
No access 14 23.33
Total 120 100.0
Access to GHG information
Access 107 89.17
No access 13 10.83
Total 120 100.0
Farm size (ha)
0.1–0.99 27 22.50
1.0–2.50 83 69.17
2.60–3.00 10 8.33 2.28
Total 120 100
Annual farm income (N)
100,001–200,000 21 17.50
200,001–300,000 25 20.83
300,001–400,000 65 54.17
400,001–500,000 9 7.50
Total 120 100.0 400,790.00 (1034.40 USD)
Source: field survey data, 2020.
Table 1. 
Socioeconomic characteristics of rice farmers.
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information, which enhances their easy mitigation to multiple choices in GHG emis-
sions. It is expected that farmers who have access to GHG emissions information will 
be more aware of effect of GHG emissions and practice better mitigation measures 
than farmers with no access to information. Table 1 reveals that majority (69.17%) of 
the farmers had farm size of between 2.00 and 2.50 ha. The finding implies that the 
farmers in the area are mainly smallholder farmers operating on less than or equal 
to 2.50 ha of farmland. This could be as a result of land tenure system or increas-
ing population prevalent in the area. Additionally, the small farm size is not even 
contiguous plot but rather small plots scattered in different areas of the community. 
It is expected that farmers with large farm size will practice more GHG strategies 
than those with lesser farmland in the area. More so, larger farm size enhances the 
probability of households choosing multiple and better measures to mitigate GHG 
emission than of households with smaller farm size. Finally, Table 1 indicates that 
majority (54.14%) had an average annual farm income of between N300,001 and 
N400,000. The mean annual farm income was N400,790.00 while monthly farm 
income was estimated to be N33,399.167. The finding implies that the farmers have a 
relatively low farm income despite the larger household size, which they recorded. 
The implication of the findings is that farmers may not have the much needed finan-
cial capacity to mitigate GHG emission. This is true as some mitigation strategies for 
GHG emission are costly. Hence, farmers may have several GHG emission strategies 
they want to practice but limited fund will continue to hinder them.
3.2 Farmers’ GHG emission mitigation strategies in rice farming
The result in Figure 2 reveals farmers’ GHG emission mitigation strategies in 
rice farming in the area. Similarly, it is very possible that the various mitigation 
strategies used by the rice farmers to reduce the negative impacts of GHG emission 
in their farming activities could be profit driven rather than GHG emission driven. 
In strengthening the above assertion, the study of [14] reported that the action of 
farmers in reducing the negative impact of climate change over time has basically 
been climate change driven; hence, the study assumed that the rice farmers’ various 
mitigation measures are therefore GHG emission driven. The result reveals that 
about 98.10% of the farmers identified alternate wetting and drying of rice (AWD) 
as one of their several mitigation strategies for climate change. AWD is a method 
of reducing 30.00% of water in rice farms to influence GHG emission reduction by 
48%. The AWD process influences rice production, CH4 and N2O emissions from 
rice systems. The finding is supported by the study of [15] who found that single or 
Figure 2. 
GHG emission mitigation strategies of rice farmers in the study area. Keys: AWD: alternate wetting and 
drying of rice; SRI: system of rice intensification; CTO: changing tillage operations; NFM: Nitrogen Fertilizer 
Management; RM: residue management; ARV: aerobic rice varieties.
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multiple drainage management during a rice-growing season (e.g., AWD) reduces 
CH4 emissions by 48–93% compared to those observed under continuous flooding 
systems. Approximately, 92.00% identified system of rice intensification (SRI). 
The SRI is a holistic approach for sustainable rice cultivation. It involved planting 
a single seedling with more space between them rather than by the handful and 
bunched closely together. It also involves watering intermittently and allowing for 
dry spells rather than using continuous flooding and using organic input. The study 
of [16] confirmed a similar finding as one of the strategies used by rice farmers in 
GHG mitigation. Additionally, about 79.00% of the farmers practiced changing 
tillage operations (CTO). The study of [17, 18] concluded that biomass incorporation 
under conventional tillage is the main cause of the higher CH4 emissions, implying 
that rice production systems where residue incorporation is excluded (no-till) may 
contribute to mitigation of GHG emissions. Similarly, the finding agrees with the 
study of Ahmad et al. [1] who also reported significant reductions in CH4 emissions 
(21–60%) from no-till compared to tilled fields. In the same vein, Nitrogen Fertilizer 
Management (NFM) was identified by 66.00% of the farmers. The application of 
nitrogen (N) fertilizer to agricultural soils increases productivity and may also influ-
ence GHG emissions from rice systems. The finding of [19] found that N fertilizer-
induced N2O emissions were reported to be 0.21% under continuous flooding and 
0.40% under alternate wetting and drying (AWD) rice production systems. In the 
same meta-analysis, an effect of fertilizer type was reported, with N2O emissions 
shown to increase by 24% and CH4 emissions to decrease by 40% when urea was 
replaced by ammonium sulfate. Others (58.00 and 35.00%) identified residue 
management (RM) and aerobic rice varieties (ARC), respectively. The incorporation 
of rice residues contributes toward long-term nutrient cycling but may, due to high 
C/N ratios, cause short-term N immobilization and thus affect N availability for 
subsequent crops [19]. Meanwhile, aerobic rice varieties (ARV) is a production sys-
tem in which especially developed “aerobic rice” varieties are grown in well-drained, 
non-puddled, and non-saturated soils [20]. With a good management, the system 
aims for yields of at least 4–6 tons per ha. Therefore, the finding became clear that 
farmers are noticing changes in rice field and have started practicing several strate-
gies to thwart the negative effect of GHG emission in their rice farming.
3.3 Determinants of rice farmers’ mitigation strategies for GHG emission
Table 2 shows determinants of rice farmers’ mitigation strategies for GHG emis-
sion. The estimation of the multinomial logit model for this study was undertaken 
by normalizing one category, which is normally referred to as the “reference or base 
category.” In this analysis, the last category (no mitigation strategies) is the refer-
ence category. The model was run and tested for the validity of the independence of 
the irrelevant alternatives (IIA) assumption by using the Hausman test for IIA. The 
test accepted the null hypothesis of independence of the mitigation strategies for 
GHG emission, suggesting that the multinomial logit specification is appropriate 
and a good fit to model farmers’ mitigation strategies for GHG emission. Results 
reveal a likelihood ratio chi-square (χ2) value of 0.9770 implying that 97.70% of 
variation in the model for the mitigation strategies was explained by the explana-
tory variables while the remaining 2.30% was accounted for by stochastic error. 
The model was also statistically significant at 1% (P < 0.00001), suggesting that 
the models have strong explanatory power. This indicates that all the models had 
good fit to the model. The significance of this likelihood ratio statistics test indicates 
that rice farmers’ socioeconomic characteristics significantly influence the use of 
mitigation strategies for GHG emission in the area. Consequently, the interpretation 
and discussion of the multinomial logit result indicate the following:
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Age (X1): age of the rice farmers significantly influences mitigation of GHG emis-
sion. Age of the farmers was positively related across the practice of alternate wetting 
and drying of rice (AWD); system of rice intensification (SRI); Nitrogen Fertilizer 
Management (NFM); residue management (RM); and aerobic rice varieties (ARV). 
This reason could be because the options have been practiced for a long period of 
time and are well known by older farmers than their younger counterparts. On the 
other hand, age of the farmers had a negative influence on the probability of uptake 
of CTO. The result shows that a unit increase in the age of the farmers decreases 
the likelihood of taking up CTO by 0.21 (2.10%). This could be because CTO may 
require more physical strength and energy to practice in rice farming of which older 
farmers may not have the capacity to do. The result is consistent with the findings 
of [14] who noted that the older farmers become more risk averse and practice less 
strategies, particularly those requiring more energy over time.
Explanatory 
variables
AWD SRI CTO NFM RM ARV
Age (X1) −1.0079e-03 
(−3.11)***
0.00085 
(4.02)***
−0.021 
(−3.10)***
0.004 
(3.84)**
0.0093 
(3.38)***
−0.0098 
(−3.92)***
Sex (X2) −0.00015 
(−0.11)
0.0006 
(0.76)
0.234 
(1.17)*
−0.155 
(−0.12)
−0.23 
(−0.05)
0.14  
(0.87)
Educational  
level (X3)
4.20e-06 
(1.08)*
0.00009 
(0.63)
0.008 
(0.96)
0.012 
(−0.68)
−0.02 
(−1.64)*
−0.009 
(−0.91)
Farming 
experience (X4)
−4.96e-06 
(−0.76)
−0.00005 
(−0.51)
0.011 
(1.35)*
0.0015 
(1.01)
−0.011 
(−0.52)
−0.007 
(−0.63)
Household  
size (X5)
−0.000042 
(−0.25)
0.0004 
(0.14)
0.003 
(0.35)
0.017 
(0.12)
−0.009 
(−0.19)
−0.001 
(−0.29)
Farm  
income (X6)
1.39e-08 
(2.16)**
3.79e-09 
(1.94)*
7.54e-09 
(1.09)
3.02e-06 
(1.63)*
2.66e-06 
(1.50)*
2.74e-06 
(0.69)
Farm size (X7) −0.00046 
(−0.68)
−0.0006 
(−1.46)
−0.07 
(−0.88)
−0.112 
(−0.98)
−0.03 
(−0.59)
−0.12 
(−1.45)
Extension 
contact (X8)
0.0051 
(3.21)***
0.006 
(5.04)***
0.013 
(4.85)***
0.054 
(5.10)***
0.08 
(4.69)***
0.23 
(4.97)***
Access to farm 
credit (X9)
0.027 
(4.04)***
−0.00098 
(−1.63)
−0.134 
(−1.60)
0.161 
(1.84)*
0.11 (0.95) 0.08  
(0.95)
Access to 
GHG emission 
information (X10)
4.37e-06 
(0.37)
0.179 
(5.01)***
−0.169 
(−0.13)
−0.023 
(−0.25)
0.04 (0.54) −0.04 
(−0.21)
Pseudo R2 0.5919
Likelihood Chi 
square
97.70***
Sample size (n) 120
Reference/base 
category
No mitigation strategies
Output of STATA; values in parenthesis are Z values.
***Significant at 1% level.
**Significant at 5% level.
*Significant at 10% level.
Field survey, 2020.
Keys: AWD: alternate wetting and drying of rice; SRI: system of rice intensification; CTO: changing tillage 
operations; NFM: Nitrogen Fertilizer Management; RM: residue management; ARV: aerobic rice varieties.
Table 2. 
Estimated multinomial logit model of the determinants of rice farmers’ mitigation strategies for GHG emission.
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Sex (X2): the result indicated that female-headed households practiced effi-
ciently and more mitigation strategies for GHG emission than their male coun-
terparts. On the other hand, male-headed households were more readily resilient 
to GHG emission than their female counterparts by practicing SRI and CTO. The 
finding tallies with the study of [21] who asserted that females are more involved 
in rural agriculture. This is true as women use it to support their families nutrition-
ally and income-wise while the male households usually migrate to urban cities in 
search of nonagricultural jobs. Additionally, it is also expected that females will 
understand perceived effect of GHG emission in rice farming and practice modern 
mitigation strategies than their male counterpart.
Educational level (X3): education of the farmers was positively related across 
all the mitigation strategies for GHG emission. This result is in line with the a priori 
expectation of the model. The finding is in line with the study of [22] who asserted 
that exposure to higher education of the farmer increases the probability of choos-
ing different sustainable farming methods. The probable reason could be due to the 
fact that educated farmers have more knowledge of GHG emission and are already 
aware of various techniques and management practices that could be employed 
to mitigate the emissions easily. Additionally, the study of [23] also confirmed the 
importance of education on choice of mitigation strategies for GHG emission.
Farming experience (X4): farming experience had a positive and significant 
relationship across all the mitigation strategies for GHG emissions modeled. This 
implies that increase in years of experience increases the probability of uptake of 
AWD, SRI, CTO, NFM, RM, and ARV. Highly experienced farmers are likely to 
have more information and knowledge on GHG emission than their counterpart 
with limited years of experience. In addition, experience exposes farmers to various 
GHG emission strategies they could employ in the face of anticipated environ-
mental situations. The findings support [24] who asserted that farmers with more 
experience would be more efficient, have better knowledge of climatic conditions 
and market situation, and are, thus, expected to run a more efficient and profitable 
enterprise.
Household size (X5): household size of farmers increased the likelihood of 
using CTO, RM, and SRI practices by 0.001(1.00%). This indicates that household 
size increases the probability of uptake of these mitigation measures to climate 
change because such options require additional labor from the farmers, which is 
usually provided by his/her household members. On the other hand, household size 
of farmers decreased the likelihood of practicing ARV and NFM by 0.0001 (0.1%). 
This is because, as the hectare of farmland cultivated by each farmer reduces, the 
labor needed by such farmers also reduces. The finding tallies with the study of [5] 
who reported that large household size is associated with a higher labor endow-
ment, which would enable the household to accomplish various agricultural tasks 
especially at the peak seasons and ensure ease of adaptation to climate change. The 
finding is also supported by the result of [14] who opined that large household size 
has shown to provide cheap and available source of labor for farmers in adapting 
easily to climate change.
Farm income (X6): the income of farmers had a positive and significant influ-
ence on the likelihood of practicing all the mitigation measures identified. Higher 
income farmers are less risk averse and have more access to information, a lower 
discount rate, a longer term planning horizon, and are wealthier than low-income 
farmers. Additionally, with more financial and other resources at their disposal, 
farmers are able to change their management practices in response to changing 
climatic, GHG emissions and other factors and are better able to make use of all the 
available information they might have on changing conditions, both climatic and 
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other socioeconomic factors. The result shows that a unit increase in the income of 
the farmers increased the likelihood of adopting the practice of AWD, SRI, CTO, 
NFM, RM, and ARV. The study of [15] reported that farmers with higher farm 
income will make better decision, use necessary productive inputs, and realize huge 
yield/output than their counterparts who have low farm income. Additionally, the 
study of [14] also reported that adaptation options to climate change are costly.
Farm size (X7): farmers’ land area cultivated was negatively related to mitigation 
strategies for GHG emissions in the area. The negative relationship between farm-
ers’ mitigation strategies for GHG emissions and farm size is inconsistent with the 
study carried out by [25] but in line with [14] who reported that the probable reason 
could be due to the fact that adaptation/mitigation measures are plot-specific. It is 
expected that farmers with large farm size will practice more mitigation strategies for 
GHG emissions than those with lesser farmland in the area. More so, larger farm size 
enhances the probability of household choosing multiple and better mitigation strate-
gies for GHG emissions than households with smaller farm size. This means that it is 
not the size of the farm but the specific characteristics of the farm that dictate the need 
for specific adaptation mitigation strategies for GHG emissions in rice production.
Extension contact (X8): extension contact had a positive and significant influ-
ence across all the mitigation strategies for GHG emissions modeled. The finding 
shows that a unit increase in the number of extension visits to the farmers increased 
the likelihood of AWD by 0.006 (0.6%), SRI by 0.013 (1.3%), CTO by 0.054 
(5.4%), NFM by 0.08 (8.00%), RM by 0.0051 (5.1%), and ARV by 0.23 (23.00%). 
Contact with extension agents, which denotes access to information, had a positive 
effect across all adaption measures indicating that extension contact increases the 
likelihood of mitigating GHG emissions in rice farm easily. Access to extension 
services significantly increased the probability of taking up AWD, SRI, CTO, NFM, 
RM, and ARV. Extension services provide an important source of information 
on GHG emissions as well as agricultural production and management practices. 
Farmers who have significant extension contacts have better chances to be aware 
of changing climatic conditions and also of the various management practices that 
they can use to adapt to changes in climatic conditions. The findings are in line with 
the study [26] which argued that extension contact enhances farmers’ production 
and promotes their knowledge on modern farming methods.
Access to farm credit (X9): results showed that farmers’ access to credit 
significantly increased the probability of uptake of AWD, SRI, CTO, NFM, RM, 
and ARV. Inadequate fund is one of the main constraints in adjusting to climate 
change [14]. Despite the various mitigation strategies farmers could be aware of 
and willing to practice, inadequate fund to purchase the necessary inputs and 
other associated equipment remains one of the significant barriers to mitigation 
strategies for GHG emissions in rice production.
Access to GHG emission information (X10): this depicts the level of aware-
ness of GHG emissions significantly increased the probability of uptake of all the 
mitigation strategies identified. Farmers who have access to GHG emissions and 
climate information are more aware of changes in climatic conditions and have 
higher chances of taking adaptive measures in response to observed changes. It is 
an important precondition for farmers to take up mitigation strategies. Information 
on climate variables like temperature amount, relative humidity, rainfall amount, 
and sunshine duration has really helped farmers in the area on the time to plant a 
particular breed of rice. Farmers’ access to information on GHG emissions is likely 
to enhance their probability to understand GHG emissions and climate change 
impact and hence enable them take up better mitigation strategies to increase their 
farm yield and income.
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3.4 Rice farmers’ barrier to mitigation of GHG emission
The findings in Figure 3 show rice farmers’ barrier to mitigation of GHG 
emission in the area. The finding reveals that about 98.30% of the farmers identi-
fied inadequate information. This could be attributed to dearth in research on 
GHG emission and mitigation strategies as well as lack of information on GHG and 
climatic variables which should always be disseminated by Nigerian Meteorological 
Agency (NiMET) and agricultural extension agents. This constraint left the farmers 
unable to get the much needed information on climate change and GHG emis-
sion. In the present information age, inadequate information could pose serious 
challenges to the farmers’ coping strategies as they may not be aware of recent 
developments regarding GHG emission, mitigation strategies, and the necessary 
readjustments. Poor information on mitigation strategies for GHG emission in rice 
farming may result in food insecurity and unsustainable production over time. 
About 94.75% identified inadequate fund. Inadequate fund left most of the rice 
farmers unable to get necessary resources in mitigating GHG emission in the area. 
This could be attributed to high cost of mitigation options. Inadequate fund hinders 
farmers from getting the necessary resources and technologies that assist to effi-
ciently mitigate GHG emission. The result shares view with the study of [14] who 
argued that adaptation options are costly and hence farmers need adequate fund to 
adapt. Going forward, poor extension contact, high cost of inputs, poor access to 
farm credit, limited availability of farmland were identified by 87.50, 83.33, 82.50, 
and 75.74% of the rice farmers, respectively. High cost of farm inputs could also 
be attributed to inadequate fund. With limited fund, the acquisition of necessary 
facilities will be difficult. They may not only be costly, but may also appear scarce 
for poor farmers. In addition, the farmers may not also have the necessary facilities 
for current information like radio and television to obtain weather forecasts. Poor 
access to credit could be linked to lack of information or awareness of the presence 
of loan facilities, high collateral requirements, and location of banks in urban areas, 
which are far from the rural areas where farmers live. Limited farmland could be 
attributed to land tenure system or increasing population prevalent in the area. 
High population pressures compel farmers to intensively farm over a small plot of 
land and make them unable to practice several GHG mitigation strategies that will 
improve their farm yield and income. It becomes clear that this constraint is respon-
sible for poor production of rice and GHG emission mitigation in the area. Curbing 
this barrier will be vital in promoting not just local mitigation strategies but global 
strategies of GHG emission in the area and perhaps beyond.
Figure 3. 
Rice farmers’ barrier to mitigation of GHG emission.
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4. Conclusion
Conclusively, the study was logically guided by describing the socioeconomic 
characteristics of the rice farmers; identifying and describing the mitigation 
strategies for GHGs used by rice farmers and constraints in mitigating GHGs in rice 
farming. A multistage and purposive random method was used in the selection of 
respondents. Purposive sampling method was used to select respondents who are 
predominantly rice farmers. The sample size comprised 120 rice farms. A well-
structured questionnaire was the main tool for data collection. Data collected were 
analyzed using descriptive statistical tools and a multinomial logit model. The result 
shows that the mean age was 45.00 years. Greater proportions (75.83%) were male. 
Majority (84.17%) were married with an average household size of nine persons. 
The mean educational level and farming experiences were 12 years (equivalent to 
secondary school education) and 23.00 years, respectively. Average farm size and 
annual farm income were 2.28 ha and N400,790.00 (1027.67 USD), respectively. 
The result confirmed the incidence of GHG emission in rice farm in the area. 
Interestingly, farmers are becoming increasingly aware and have started practicing 
several mitigation strategies. The major GHG mitigation strategies the farmers prac-
tice were alternate wetting and drying of rice (AWD) (98.10%) and the system of 
rice intensification (SRI) (92.00%) among various strategies they practiced simulta-
neously. Estimated multinomial logit model revealed that household size (X5), farm 
size (X7), and education (X9) significantly influence their choice of GHG mitigation 
strategies at 1% level of probability. Regrettably, farmers complained of inadequate 
fund (98.33%). It was therefore recommended that farmers should form a stable 
cooperative to access fund, information and government support effectively. In the 
same way, the study confirmed the incidence of GHG emission in rice farm the area. 
Interestingly, farmers are becoming increasingly aware and are noticing the GHG 
emission. The farmers have started practicing several mitigation strategies to thwart 
the negative effect of GHG emission while remaining sustainable. The major GHG 
mitigation strategies of farmers were alternate wetting and drying of rice (98.10%) 
and the system of rice intensification (92.00%) among various strategies they 
practice simultaneously. The study also looked at the determinants of rice farmers’ 
use of various mitigation options for GHG emission using a multinomial logit model. 
The model permits the analysis of decisions across dichotomous categories, allowing 
the determination of choice probabilities for different categories. Multinomial logit 
results confirmed that access to credit, extension services, farming experience, 
education, access to climate change information, and farm size were some of the 
significant determinants of farm-level mitigation options. The main barrier to the 
mitigation of GHG emission was lack of information on appropriate mitigation 
option, which could be attributed to dearth in research on GHG emission as well as 
poor information dissemination on the part of extension agents in the study area.
4.1 Recommendations
The following recommendations were made based on the major research obser-
vations and findings of the study.
i. Effective agricultural policies and programs should focus on how to intensify 
awareness on GHG emission in rice farm as well as its mitigation strategies. 
This should be done through strengthened agricultural extension delivery.
ii. Since education and farmland were found to significantly increase mitiga-
tion, investment strategies should also focus on expansion of farmers’ 
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farmland and improvement of their education as this would affect their 
mitigation of GHG emission positively.
iii. The government must also design policies in such a way that farmers have 
access to affordable credit as well as subsidized agricultural inputs in order 
to increase their ability and flexibility to change production strategies in 
response to the forecasted climatic conditions.
iv. The government or interested organization should endeavor to build weather 
stations in all local government areas in Nigeria to reduce the incidence of 
poor climate record keeping and to provide mid-term forecast of weather 
and other climatic variables.
v. Ultimately, incorporating local knowledge into GHG emission concerns 
should not be done at the expense of modern/western scientific knowledge. 
Local knowledge should complement rather than compete with global 
modern practices in counteracting the negative impact of GHG emission in 
the area and beyond.
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